We propose a methodology for analyzing triple stellar systems that include a visual double star wherein one of the components is a single-or double-lined spectroscopic binary. By using this methodology, we can calculate the most probable values of the spectroscopic binary's inclination, the angular separation between its components, and its stellar masses, and we can even estimate the spectral types. For a few W UMaYtype eclipsing binaries, stellar radii are also determined. Moreover, we present new formulae for calculating stellar masses depending on spectral type. In this way we have studied 61 triple systems, five of them W UMaYtype eclipsing binaries with low-mass subcomponents. In addition, we study nine quadruple systems, applying the same methodology and considering them twice as a triple system. With the aim of having more accurate orbital elements, we have taken advantage of the occasion to calculate and improve orbits. In this way we have used a new speckle measurement to improve the orbital elements for the binary Hu 506 AB. Also, new visual orbits are calculated for the binaries BAG 10 Aa and LAB 6 Aa. Finally, we give a list of five spectroscopic binaries with more than 0B1 for the maximum angular separation; these should be easily observable as visual binaries by means of interferometric techniques.
INTRODUCTION
It is well known that stellar systems of multiplicity three and higher are relatively frequent, about 20% of all stellar systems ( Tokovinin 2004) . Unfortunately, in most cases, our knowledge about their fundamental parameters is very poor.
Our aim is to study these stellar systems using several dynamical, photometric, and spectral data, along with the parallax. This last parameter, which plays an important role not only in the methodology that we present here but in astronomy in general, has been carefully cataloged for the nearby stars (trigonometric parallax) by successive authors belonging to the Yale University Observatory. In contrast, for more distant stars it was necessary to design efficient algorithms based on the magnitudes, spectral types, and orbital elements of binary stars (dynamical parallax), as in the methods of Russel & Moore (1940) and Baize & Romani (1946) . Nowadays, the data provided by the astrometric satellite Hipparcos represent the most precise parallax values (Perryman et al. 1997) .
We deal with a set of multiple stellar systems that consist of a visual binary wherein one of the components is a spectroscopic binary. Our methodology allows one to obtain, by using the two orbits and the Hipparcos parallax, the most probable values of the spectroscopic binary's inclination, the separation between its components, and the stellar masses of each component of the system, and even to estimate spectral types.
Our purpose is to determine for each triple (or quadruple) system a compatible set of physical and dynamical parameters. In this process, although it is not our aim to improve the Hipparcos parallax, we also obtain as secondary results a pair of parallax values ( i and f ), whose difference gives us a measure of the goodness of the results.
The remainder of this paper is structured as follows. We proceed by providing our notation and basic calculations of this methodology in x 2, where new formulae to calculate stellar masses depending on stellar types are also given. In x 3 we give a more detailed description of the methodology by its application to a triple system with a single-lined spectroscopic subcomponent. In x 4 we draw up a pair of tables with results for 61 triple systems and for nine quadruple systems. The goodness of the methodology is justified by the fact that for five (out of six) systems with known orbital elements, our results coincide within the margins of error. A relation for the minimum semimajor axis as function of eccentricity is also given in this section. Moreover, for five W UMaYtype spectroscopic binaries (SBs) a particular analysis is made. In x 5 new orbits for three visual binaries (VBs) studied in this paper are given. We also propose a set of five SBs with probable maximum angular separations greater than 0B1 to try to resolve them in x 6. Finally, in x 7 we discuss the usefulness of this methodology as well as its limitations.
METHODOLOGY

Notation
We use subscripts 1 and 2 to refer to spectroscopic subcomponents Aa and Ab, and subscript 3 to refer to distant star B (or Ba, Bb, and A), while the subscript 12 is used to refer to the spectroscopic subsystem. M j is the absolute magnitude of the jth component, m j is its apparent visual magnitude, and M j is its mass. Lastly, Á M is the difference between the absolute magnitudes of the spectroscopic subcomponents.
Computation of Mean Parallax and Mean Magnitudes
First, we take from the Washington Double Star Catalog 3 ) the combined apparent magnitude of each component of the visual pair (m 12 and m 3 ). Its period (P) and semimajor axis (a) are taken from both the Sixth Catalog of Orbits of Visual Binary Stars 4 ) and the Catalogue of Orbits and Ephemerides of Visual Double Stars ( Docobo et al. 2001 ). We also take orbital elements of the spectroscopic orbit (P 12 ; k 1 , and e 12 ) from the Ninth Catalog of Spectroscopic Binary Orbits (Pourbaix et al. 2004 ).
Second, we have to estimate the most appropriate range for the M 1 and Á M values, as well as to fix their respective step sizes. In the case of an SB1, according to Jaschek's criterion (Jaschek & Jaschek 1987) , only stars that differ by less than about 1 mag are observable as a composite spectrum. Therefore, we can assume
Thus, the expression log ¼ M 1 À m 12 À 5 5 À 1 2 log 1 þ 10
provides the parallax values depending on M 1 and ÁM . Now we have to choose the set that is compatible with the margin of error given by Hipparcos ( Hip ). If there were no compatible values, then we should have to expand this interval up to a few Hip . This fact may indicate that the true parallax differs from that given by Hipparcos.
Lastly, for the mean values of M 1 and , we calculate the corresponding values of M 2 (obtained from Á M ) and M 3 (inferred from m 3 and ).
In addition, new apparent visual magnitudes are also given. From now on, we will work with mean values of the three absolute magnitudes, three apparent magnitudes, and parallax ( i ).
Computation of Masses and Spectral Types
In the next step we calculate the mass and estimate the spectral type of each component. In order to obtain spectral types from absolute magnitudes, we use the calibration of Schmidt-Kaler (1982) . We give spectral types with a mean error of two to three subclasses.
On the other hand, individual masses are calculated from a fit of data collected from the Stellar Mass Catalogue (Belikov 1995) (including giants, subgiants, and main-sequence stars) reached after a certain statistical procedure. Therefore, it will only be suitable for the restricted range of spectral types shown in Table 1 .
These equations give relations between mass and spectral type for components of a binary system, where a and b are two coefficients that take several values depending on luminosity class. On the other hand, s is a continuous analytical variable defined by de Jager & Nieuwenhuijzen (1987) that represents the spectral class.
Since the mass function of the spectroscopic binaries is
where i 12 is the inclination, k 1 is the radial velocity amplitude, P 12 is the period, and e 12 is the eccentricity, we can estimate the minimum mass and later the spectral type of the second component.
Computation of Unknown Orbital Elements
Once we have calculated masses, the semimajor axis and inclination of the spectroscopic orbit can be computed. Semimajor axis and inclination can be added to the known orbital elements. Therefore, the angle of the node will be the only orbital element that remains unknown.
Theoretically, it would be possible to determine the direction of the motion on the spectroscopic orbit by studying the perturbations due to the third component. A secular increase of the argument of periastron would suggest retrograde motion, while its decrease would correspond to a direct motion.
At the end of this process we obtain a new value for the parallax ( f ), which is calculated by means of
; where a and P are the semimajor axis and the period of the visual orbit, respectively, M j is the j-component mass calculated at the end of the process, and n is 3 (triple system) or 4 (quadruple system). Both i and f will indicate the most probable range for the parallax.
EXAMPLE: APPLICATION TO Hu 506 AB (WDS 00243+5201)
This triple system includes the bright star HD 1976, a singlelined spectroscopic binary with a period of 25:44 AE 0:03 days, whose orbit has been calculated by Abt et al. (1990) . Their data are given in Table 2 .
Only the observable spectrum has been cataloged as B5 IV by Lesh (1968 In the next step we estimate spectral type and mass of each component. Since mass function of the spectroscopic binary is 0:0328 AE 0:0081 M , the minimum mass and latest possible spectral type of the second component will be 1:1 AE 0:3 M and F6 V, respectively. Spectral types, obtained by using the calibration of SchmidtKaler (1982) , are B4 IV, B9 IV, and B6 IV, respectively. Now, from first equation in Table 1 we calculate the masses: 5:6 AE 0:4, 3:4 AE 0:3, and 4:5 AE 0:3 M , respectively. Along with results for the triple systems, those for this star are given in Table 3 .
With regard to the possibility of optically resolving this system, it can be noted that its angular separation never will be larger than 1.17 mas. In this way, Figure 1 shows the probable apparent orbit of the spectroscopic subcomponent.
METHODOLOGY APPLICATION RESULTS
In this section we give a detailed description and overview of the obtained results. We present the information on 61 triple systems, summarized in Table 3 , where, as we said in x 2.1, the subscripts 1 and 2 refer to the spectroscopic subcomponents, and subscript 3 refers to the distant star. The Bu 1100 AB ( WDS 01148+6056 ) system appears twice in Table 3 because there are two visual possible orbits. The results for nine quadruple systems are given in Table 4 .
To test the methodology presented in this paper, we analyze the six spectroscopic binaries with visual or astrometric orbits to compare their known parameters with those obtained by us. Then, we also give a relation for the logarithm of the minimum semimajor axis as a function of the eccentricity. In addition, we make some comments about five W UMaYtype eclipsing binaries and show their stellar radii in Table 5 .
Quadruple Systems with SB Subsystems
We have analyzed nine quadruple systems comprising a pair of SBs. Eight of them are double 4(2, 2) systems and one is a hierarchical double 4(1, 3(2,1)) system. The results are listed in Table 4 , while mobile diagrams for these systems are shown in Figure 2 .
When we are dealing with multiple systems, we need to be more careful since the data from both subsystems are related. Therefore, the final results for each subsystem will also be related.
Spectroscopic Binaries with Visual or Astrometric Orbit
There are four SBs with calculated visual orbits and two SBs with composite orbits from astrometry. To compare our results with previous works, we analyze individually each of these cases.
1. BAG 10 Aa (WDS 00568+6022).-Bu 1099 is a quadruple system where the visual pair has one single-lined spectroscopic subsystem B. At the same time, the B component (BAG 10 Aa) comprises three stars: the close Ba, Bb spectroscopic pair and the 0B0320 distant component Bc. Its mobile diagram can be seen in Figure 2i . Notes.-A dagger (y) indicates that this binary has both spectroscopic and visual orbits. These three binaries are shown in Fig. 3 . On the other hand, a double dagger (z) indicates that the spectroscopic binary is a W UMaYtype binary.
a Grade of visual orbit according to Hartkopf et al. (2001 taking into account the Hipparcos parallax, a total mass of 9:3 AE 3:2 M is obtained.
On the other hand, by applying the methodology that we explain in this paper, we have obtained the compatible values i 12 ¼ 45N2 AE 6N3 and a 12 ¼ 31:3 AE 4:4 mas. For spectral types and masses of the close pair we have obtained B9 V with 3:3 AE 0:1 M and A5 V with 2:1 AE 0:1 M for the Ba and Bb components, respectively. Moreover, the third component should be a B9 IV star with 3:4 AE 0:3 M .
2. Sp 1 AB (WDS 08468+0625).-STF 1273 is a quintuple system comprising the close visual AB pair (our target system), the 3 00 distant SB1 C, and a 19 00 distant component D. The AB pair was studied by Hartkopf et al. (1996) , who, taking into account 12 speckle measurements obtained since 1989, computed very accurate orbital elements, grading with one by Hartkopf et al. (2001) . They inferred a mean orbital inclination of 50N01 AE 0N27. The semimajor axis obtained for this orbit is 254:7 AE 0:9 mas. Recently, Parsons (2004) has determined, on the basis of isochrone fitting of multiple cool-plus-hot systems, the parameters log sin i 12 ¼ À0:19 and a 12 ¼ 249 mas. He also gives spectral types and masses for both components: G7 III with 2:2 M and A7 with 1:9 M for the A and B components, respectively. Now, by applying our methodology, we have obtained the compatible values i 12 ¼ 39 AE 12 and a 12 ¼ 255 AE 59 mas. For spectral types and masses of the close pair we have obtained K1 III with 2:0 AE 0:5 M and F5 IV with 1:6 AE 0:2 M for the A and B components, respectively. According to our results, the third component should be an F2 V star with 1:4 AE 0:1 M .
3. UMa Aa (WDS 11182 +3132).-STF 1523 is also a quintuple system where the visual pair has two single-lined spectroscopic subsystems A and B. At the same time, the B component comprises three stars. Its mobile diagram can be seen in Figure 2vi .
In this case, there are two composite orbits of the spectroscopic pair Aa, Ab calculated from astrometric data, Mason et al. (1995) and Heintz (1996) , from which i 12 ¼ 94N9; a 12 ¼ 57 mas and i 12 ¼ 91
; a 12 ¼ 54 mas, respectively, are derived. In contrast, we obtain i 12 ¼ 35N0 AE 4N6 (or i 12 ¼ 145N0 AE 4N6 if the motion is retrograde) and a 12 ¼ 215 AE 20 mas. This strong disagreement between their parameters and our results could be explained by the fact that both orbits are not reliable; in fact, they are astrometric orbits and both subcomponents have never been observed separately.
Only the spectral types given by Mason et al. (1995) 5. BAG 6 Aa (WDS 18002+8000).-STF 2308 is a quadruple system that comprises two spectroscopic binaries: 40 Dra ( B) and 41 Dra (A). The last one has been resolved by speckle interferometry, and it is also known as BAG 6 Aa. Its mobile diagram can be seen in Figure 2viii .
This subsystem has been studied by Tokovinin et al. (2003) , who calculated a semimajor axis a 12 ¼ 70:6 AE 1:4 mas and an orbital inclination i 12 ¼ 49N7 AE 2N9. They also obtained masses for both components of BAG 6 Aa: M Aa ¼ 1:28 AE 0:15 M and M Ab ¼ 1:20 AE 0:14 M . With regard to the spectral types they concluded that all components are slightly evolved F-type stars.
By applying the methodology shown in this paper, we have found a 12 ¼ 76 AE 13 mas and i 12 ¼ 35N9 AE 4N4. For the masses our results are M Aa ¼ 1:7 AE 0:1 M and M Ab ¼ 1:5 AE 0:1 M . Spectral types are A9 V, F1 V, F1 V, and F5 V, for the Aa, Ab, Ba, and Bb components, respectively. 6. Cep Aa (WDS 23079+7523).-STT 489 is a triple system comprising the spectroscopic subcomponents Aa, Ab and a 0B27 distant component B. Since the composite spectrum for the spectroscopic binary is G2 III, according to the decomposition procedure ( Edwards 1976) we would expect that the individual spectra are G3 III and F3 V, respectively.
Recently, Gatewood et al. (2001) have carried out a study of astrometric data to determine orbital elements and masses from astrometry, where they take a parallax slightly lower than the Hipparcos one. They have found i 12 ¼ 99N0 AE 2N5, a 12 ¼ 34:8 AE 1:24 mas, and a total system mass of 8:81 AE 0:87 M (M A ¼ 6:88 AE 0:69 M and M B ¼ 1:93 AE 0:23 M ). Taking into account the orbital parameters, they have found M Aa ¼ 3:63 AE 0:53 M and M Ab ¼ 3:27 AE 0:48 M . As regards the spectral types, they have determined that the Aa component is a K0 III, leaving indeterminate the spectral type of the Ab component. In addition, they have classified the third component as A8 V.
We have obtained i 12 ¼ 100 AE 45 and a 12 ¼ 34:2 AE 3:1 mas, in a very good agreement with the previous work. We have also determined the spectral types and the masses: G0 III and 2:2 AE 0:5 M , A3 Vand 2:4 AE 0:1 M , and F0 Vand 1:6 AE 0:1 M for the Aa, Ab, and B components, respectively. In spite of the excellent agreement between orbital elements and considering that the spectra are quite similar, the difference between both mass In summary, considering the above-mentioned comments we can conclude that for BAG 10 Aa and Sp 1 AB our derived quantities are completely compatible with the Docobo & Andrade (2006) and Hartkopf et al. (1996) orbits, respectively. For HN 28 BC we have two previous reliable orbits that are also compatible with ours. The same is valid for Cep Aa and BAG 6 Aa.
On the other hand, UMa Aa is the only one that disagrees with the previous orbits ( both graded 9 and without assigned errors), independently of whether or not the motion is direct (3dir or 3ret, respectively, in Fig. 3) . Even the semimajor axis is very different. More investigation is necessary to know the source of this disagreement.
From our analysis and considering the goodness of the previous orbits, we can say that in the five cases out of six (where there are previous definitive, or at least reliable, orbits) the agreement is very good (see Fig. 3 ).
With the aim of calibrating the quality of our results, we have defined a two-dimensional parameter that measures how much the initial and final parallaxes described in this paper differ from the Hipparcos parallax:
In Figure 4 we see SB systems distributed in the Å-plane (there are three outliers with f / Hip > 1:5). We have classified the systems in five quality grading boxes according to the distance to the (1, 1)-point. This allows us to grade the results in this way: With this criterion we have found (see Fig. 5 ) that almost half of the systems (47%) are in the first category and only seven systems (8.9%) are in the last category.
Relation between the Logarithm of Minimum Semimajor Axis and the Eccentricity
It is well known that close binaries undergo tidal dissipation, which implies orbital circularization. With the aim of confirming whether our data verified this phenomena, we plotted the logarithm of the semimajor axis versus the eccentricity of the spectroscopic orbit for 73 SB1s and SB2s (all those investigated in this paper, excluding the five W UMaYtype SBs and one outlier). In this way, we have found the following empirical relation among them (valid for nonYW UMa type SBs): log a 12 ¼ À1:75 þ 0:85e 12 þ 1:55e
In Figure 6 we compare this relation with those obtained by using the data given by Pourbaix (2000) for 40 SB2s with known semimajor axes in AU and eccentricities ( log a 12 ¼ À1:2 þ 0:45e 12 þ 0:75e 2 12 ). We think that the coefficients of expression (2) are more accurate because our data set is bigger than Pourbaix's.
In any case, it appears clear that there is a trend toward circularization. Therefore, expression (2) suggests that for a given eccentricity there is a minimum semimajor axis and that it decreases as the eccentricity decreases. Thus, the smaller the semimajor axis, the more circular the orbit becomes. Notes.-A and B superscripts indicate the two SBs of the global system. As in Table 3 , ''Grade'' is the grade of visual orbit according to Hartkopf et al. (2001) , ''Quality'' refers to the quality of results according to the twodimensional parameter defined in x 4.2, ''SB'' refers to SB1 or SB2 type, '' max '' refers to the maximum angular separation (an asterisk indicates spectroscopic circular orbit), and ''i 12 '' indicates spectroscopic binary inclination (or 180 À i 12 ). A dagger (y) indicates that the Bab, Bc, A subsystem in Bu 1099 AB; the Aa, Ab, B subsystem in STF 1523 AB; and the Aa, Ab, B subsystem in STF 2308 AB also have visual orbits. These three binaries are shown in Fig. 3 
W UMaYType Spectroscopic Binaries
In the course of our study we have analyzed five eclipsing binaries of W UMa type:
To apply our methodology, we had to take into account the fact that W UMaYtype star systems are contact binaries (Lucy 1968a (Lucy , 1968b ) of spectral types F, G, or K in almost all cases. Both components are embedded in a common convective envelope, and their luminosities are nearly equal. A lot of them are doublelined binaries with the smallest mass ratios (q) known among contact binaries (q < 0:5, sometimes q < 0:1), much lower than we can expect for the luminosity ratio. Because of this we had to make a suitable mass-luminosity calibration for these kinds of stars. In this study we have used the mass-luminosity and mass-radius relations for both W and A subtypes of the W UMaYtype binaries given by Awadalla & Hanna (2005) . The radii derived for these systems according to these relations are listed in Table 5 .
NEW ORBITS OF VISUAL BINARIES
By considering all the available micrometric and speckle measurements and by using the analytical method of Docobo (1985) , we have computed the orbits of Hu 506 AB (WDS 00243 + 5201), BAG 10 Aa ( WDS 00568+6022), and LAB 6 Aa (WDS 21287+7034). Hu 506, BAG 10 Aa, and LAB 6 Aa have been announced previously in the IAU Commission 26 Information Fig. 3. -Distribution of the six visual-spectroscopic binaries in the i 12 -a 12 plane. Our results are indicated by a numbered square (according to numeration used in x 4.2), while those of previous works are indicated by the corresponding numbered triangle: 1 ( Docobo & Andrade 2006) , 2 ( Hartkopf et al. 1996) , 3a ( Mason et al. 1995) , 3b ( Heintz 1996) , 4a ( Forveille et al. 1999 ), 4b ( Pourbaix 2000) , 5 ( Tokovinin et al. 2003) , and 6 (Gatewood et al. 2001) . A diamond is used for the values given by Parsons (2004) (see x 4.2). Micrometric data are indicated in Figure 7 by filled circles, while eyepiece interferometric and speckle data are indicated by filled and empty stars, respectively. On the other hand, O À C lines connect measurements to their predicted locations on the Fig. 7. -New orbits for the visual binaries Hu 506 AB, BAG 10 Aa, and LAB 6 Aa (scale is in arcseconds). ................. 2003 .504 AE 0.005 T ................................ 1984 orbit. The dashed line is the line of nodes. Orbits are shown in Figure 7 .
Hu 506 AB
This binary (m v ¼ 5:95Y6:84, B5 IV) was discovered by Hussey (1902) . Two previous orbits of this pair had been simultaneously calculated by Docobo (2000) , who obtained a period of 144.50 yr and a semimajor axis of 0B201, and by , with P ¼ 152:68 yr and a ¼ 0B203. However, a new speckle measurement in 2004.9900 suggests a longer period. In this way, we have computed an improved orbit ( Docobo & Andrade 2005) . Orbital elements can be seen in Table 2 , while the O À C differences are listed in Table 6 .
BAG 10 Aa
Bu 1099 AB is a quadruple system of hierarchy 3, where the widest binary has a period of 83.10 yr. Component B is a spectroscopic binary (Bab, Bc) with a period of 1769 days, whose first subcomponent is itself a spectroscopic binary (Ba, Bb) with a shorter period of 4.24 days. Moreover, component B is the first known case of a speckle astrometric binary. Cole et al. (1992) calculated a combined speckle/spectroscopic orbit for this speckle astrometric component. They adopted P; T ; e, and ! from the spectroscopic solution and determined the remaining elements (a; i, and ) by a grid search calculating rms residual errors at different increments in these orbital elements.
A few years ago this system was resolved by Schoeller et al. (1998) and Balega et al. (2002) by means of speckle interferometry. Because the previous orbit shows a very strong disagreement with these observations, we have calculated a visual orbit (see Table 7 ) taking into account the spectroscopic elements and the speckle measurements. The O À C differences for this new orbit (Docobo & Andrade 2006) are shown in Table 8 . b Since this measurement has been made under the theoretical Rayleigh resolution limit for the 6.0 m telescope ($0B020), it could be explain the large O À C difference in .
TABLE 9
Orbital Elements for LAB 6 Aa (Andrade 2006) Parameter Value P ( yr) . ........................ 83 AE 9 T ................................. 1997.99 AE 0.10 e.................................. 0.732 AE 0.016 a (arcsec).................... 0.195 AE 0.008 i (deg)......................... 87 .3 AE 1.5 ! (deg) . ...................... 194.6 The semimajor axis of the primary with regard to center of mass in astronomical units derived from our semimajor axis, our masses, and the Hipparcos parallax is a 1 ¼ 2:35 AE 0:32 AU. On the other hand, since we know from the spectroscopic orbit that a 1 sin i 12 ¼ (2:56 AE 0:11) ; 10 8 km, by considering our inclination we obtain a 1 ¼ 2:32 AE 0:10 AU. This strong agreement between both values shows that our orbital elements are completely compatible with those of the spectroscopic orbit.
LAB 6 Aa
This star (m v ¼ 3:2, B2 III) was observed as a binary by means of speckle interferometry in 1971 (Gezari et al. 1972 ). Some years later, a preliminary orbit was calculated by Pigulski & Boratyn (1992) by considering the light-time effect with P ¼ 91:6 AE 3:7 yr and a ¼ 0B25 AE 0B07. Since this orbit shows notable O À C differences for the last two measurements in 1998 .7770 ( Balega et al. 2002 and negative trends in angular separation, Andrade (2006) has calculated a new orbit by using 61 speckle measurements. This orbit adjusts much better the passage by the periastron, giving more accurate orbital elements (see Table 9 ). The O À C differences are listed in Table 10 .
SPECTROSCOPIC BINARIES AS TARGETS TO BE OPTICALLY RESOLVED
Since we have calculated the probable fundamental parameters of a broad SB set, we could expect that some of them are near the optical resolution limit of the big telescopes. In fact, when we plot the absolute magnitude difference versus the maximum separation logarithm, we see that in the neighborhood of the pair of SB-VB 4, there are five SBs with similar parameters located at the right side of the second dashed line in Figure 8 . Although such systems have never been seen before with optical techniques, we think that with appropriate monitoring they should turn out to be observable. Indeed, we propose them (see Table 11 ) as targets to be optically resolved. Such a task could be accomplished by means of speckle interferometry in large telescopes (see Fig. 9 ).
Moreover, there are still three SB systems with maximum angular separations between the Rayleigh resolution limit for a 10 m telescope ($12 mas) and 100 mas: STF 3062 B ( max ¼ 19:3 mas and Ám ¼ 4:0), Ho 581 A (19.2 mas and 1.3 mag), and SE 2 C (30.0 mas and 0.1 mag).
In any case, we cannot discard the possibility that these stars have not been observed for other reasons, for example, errors in the original data (spectral types, magnitudes, Hipparcos parallax, and/or orbital elements) or having degenerate stars as companions (probably white dwarfs according to the masses, all of them under the Chandrasekhar limit of 1:44 M ). Miura et al. (1993) and tried to observe this spectroscopic binary by using interferometric techniques. However, they did not succeed in seeing their components separately. Their estimates for angular separation were smaller than 0B06 and 0B035, respectively.
STF 422 B
Our results indicate that this binary should have a maximum angular separation of 0B116 AE 0B069 with a magnitude difference between the components of 1:6 AE 0:2 mag.
HJ 2477 A
This is the most surprising case of all. The only attempt at measurement was done by Balega et al. (1984) . In 1982 they estimated that the angular separation for this system was smaller than 0B028. In contrast, we have calculated for maximum and minimum angular separation 0B629 AE 0B082 and 0B233 AE 0B047, respectively. We have also obtained a magnitude difference between the components of 1:2 AE 0:1 mag. In any case, by applying our methodology, we have found no compatible results for magnitude differences greater than 2.5 mag. Moreover, Halbwachs (1981) had already calculated a maximum nodal separation for this system of 0B5, in very good agreement with our results.
Currently, both components should present an angular separation of 0B583. With a period of 11.03 yr we expect that it will achieve its maximum separation in the middle of 2007.
STF 1820 A
For this SB there are no previous estimates of its angular separation. We have calculated a maximum angular separation of 0B103 AE 0B018 and a magnitude difference of 1:1 AE 0:1 mag. Fig. 8. -Distribution of spectroscopic binaries in the log max YÁ M plane. As in Fig. 3 , our results for the four VB-SBs are indicated by open numbered squares, while those of previous works are indicated by numbered triangles. All other spectroscopic binaries are indicated by small filled squares. On the other hand, eclipsing binaries, all of them near the left side, are indicated by diamonds. In addition, two vertical dashed lines suggest thresholds for optically resolving new spectroscopic binaries. Indeed, on the right side of the second dashed line there is a set of five SBs surrounded by a closed line; these are proposed as targets to be optically resolved.
STF 2130 B
The angular separation was estimated to be less than 0B038 by McAlister et al. (1993) in 1988. We have calculated its maximum as 0B211 AE 0B016 and the magnitude difference as 0:8 AE 0:1 mag.
Kui 99 A
For this SB without previous interferometric measurements we have calculated a maximum angular separation of 0B208 AE 0B17 and a magnitude difference between components of 0:4 AE 0:1 mag.
CONCLUSIONS
On the basis of our study, the following conclusions can be drawn. Our methodology can be used to calculate reliable astrophysical and orbital parameters of spectroscopic subcomponents in multiple systems. Furthermore, in the case in which we are dealing with an SB2, we can adjust the absolute magnitude difference between spectroscopic components, taking into account that q ¼ M 2 /M 1 ¼ k 1 /k 2 . In this way we can reach more precision than in an SB1 case, where we only have Jaschek's criterion. In fact, we do not discard the possibility that some of the results given for SB1 samples could be substantially improved.
We realize that some difficulties still remain. For example, there is a certain ambiguity in the assignment of the spectral types since there are some systems for which the methodology gives very compatible values whether the stars are giants, subgiants, or even main-sequence stars. Nevertheless, this problem can be overcome if we have information about spectral types, absolute magnitudes, or masses for some of the components.
We have seen that parallax plays a central role in the development of the methodology since its value, along with its error, determines strongly the results. In this sense, for consistency in the comparisons we have always taken the values given by Hipparcos. However, one can be free to take, in each case, the best available parallax.
Lastly, with speckle observations of the targets proposed in x 6, if the observations can really be achieved, new visual orbits could be calculated. In this case, the set of six VB-SBs that we have used to test this methodology would be substantially increased.
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